Here mass spectrometer data are available, and again estimates show that the observed broadband waves can generate O + ion distributions observed close to the equatorward edge of the cusp/cleft. In the following we investigate two DE I events in detail. We extend the previous studies by using a Monte Carlo simulation [Retterer et al., 1983 [Retterer et al., , 1987a to estimate O + ion heating not only near the equatorward edge but also inside the cusp/cleft. These simulation resuits are compared with an analytic model. Furthermore, we use magnetometer data to investigate the polarization of the waves. In this report we concentrate on ion heating via a cyclotron resonance process involving waves near the ion gyrofrequency. The details of heating by double-cyclotron absorption of waves at roughly half the gyrofrequency have also been considered /Ball and Andrd, 1990]. Our conclusion is that cyclotron resonance heating by broadband lowfrequency waves can cause a major part of the ion heating observed in the cusp/cleft. . This is one reason why in this paper we consider a simple two-dimensional "box" model of the cusp/cleft region and introduce the coordinate x, orthogonal to r, measured in the poleward direction. We take the width of our two-dimensional model box to be equal to the width of the cusp/cleft at the altitude at which the satellite enters the cusp/cleft. For the rather limited transverse extent of the event (less than 2000 km at the satellite altitude) this twodimensional box is not a major approximation, and it is used both to estimate the poleward drift and for the simulation and analytic models. In this model box the magnetic field lines are parallel, but the field strength varies as r -3. Thus, in this model the poleward drift ux = dx/dt is independent of altitude. Note the difference between ur, which is the poleward drift in real space and depends on altitude, and ux, which is the poleward drift in our model box and does not depend on altitude. Since x is related to distances in real space at the satellite altitude, u• = up at this altitude.
The simplified cusp/cleft geometry may now be used to estimate the poleward drift. Rr geocentric distance ( Figure 5 ). We include this event to
show that the sudden onset of low-frequency waves and ion heating at the equatorward edge occurs also on this orbit. Furthermore, during this orbit the magnetometer was in its high-sensitivity mode, and three-dimensional magnetic field observations, which may be used to investigate the wave polarization, could be obtained. Note that the spacecraft now is moving equatorward and thus in the opposite direction compared to the case discussed in Figure 2 Figure 7 shows the degree of polarization [Means, 1972] , while the second indicates the ellipticity. Some of the electric field spectral density observed at nonzero frequency is probably due to stationary electrostatic structures which are Doppler shifted by the satellite motion, and similarly some magnetic field spectral density may be due to small scale currents. Alfv We also need to know the fraction of the spectral density that corresponds to left-hand polarized waves. This fraction cannot be determined with the data available for event 1.
However, the magnetic wave spectrum from event 2 ( 
Analytic Model
We may approach a further understanding of the ion heattribution is given by the function w(r,Z,Vll ) with dintension (velocity) e , which amounts to an increased thermal energy perpendicular to the magnetic field. The exact form of this function depends on the details of the ion drift and the disposition of the wave fields, as is described in greater detail in the appendix. Roughly speaking, w(r,z, Vll ) increases linearly with the resonant part of the electric field spectral density and with the time spent in the wave fields. As in the si•nulation, we assume that the geomagnetic field lines are parallel and that the field strength varies as r -a.
As previously noted, in this sixuplifted geoxnetry the poleward drift u• does not depend on altitude. To obtain the ion distribution function at a particular point in space for a specific set of input parameters, we need to specify the boundary conditions at the equatorward edge and then calculate w(r, z, vii ). Since we have neglected the •nirror force, the shape of the calculated ion distribution in velocity space shape is incorrect to the extent that it bears only the xnarks of transverse heating; however, the energy input to f is approximately correct. Therefore, it is useful to consider the mean ion energy E of this distribution. A detailed discussion of the analytic model is presented in the appendix, and below we present some numerical results. We consider a reing in the cusp/cleft by augmenting the numerical modeling gion extending from the equatorward edge to z0 = 1550 km, effort with a simple analytic model. A reason for develop-corresponding to the first 10 rain of observations inside the ing such a model is that it facilitates experi•nentation with cusp/cleft during event 1 (Figures 2 and 8) . The satellite is some of the input parameters used in the simulation model. assumed to be at a constant geocentric distance r0 = 4 Rs. It also serves as a check on the accuracy of the simulation In the following we consider the analytic model, using code. In our analytic model we neglect the xnirror force input parameters similar to those used in the simulation. as a means of simphfying the process in order to render it These parameters are then varied in order to study the effect amenable to analysis. One motivation for titis simphfication on the O + mean energy E. We first consider a "standard" The energy E increases much faster with x near the edge (x = 0) in the simulation than in the analytic model. This difference is readily explained when we note the peak in the observed spectra] density close to the edge (Figure 8 ). In the simulation this peak causes high heating rates in a rather small region in space. However, such a localized peak cannot easily be included in an analytic model. A very rough approximation of a spectral density that has a peak near the edge and decreases in the poleward direction, can be obtained by considering a wave intensity that decreases linearly with •. Results from such models, where the spectral density at the equatorward edge is the same as in the standard model, are shown in Figure 12a . The mathematica] details are given in the appendix. The major change with respect to the standard model is that the mean ion energy as a function of • now clearly appears to saturate, which is in better agreement with observations and the simulation (Figure 8 In summary we find that modest changes of the upward drift and temperature of the initia] ion distribution, and of the spectra] slope, have only a minor iufiuence on the mean ion energy. However, variations of the wave intensity and of the E x B drift are more important for this energy.
We also find that it is necessary to consider variations of the wave intensity with invariant latitude to undcrstand the development of the mean ion energy. 
